A Boolean function is called bent [1] if and only if it has a flat spectrum with respect to the WalshHadamard transform. Bent functions have attracted a lot of attention due to their applications in coding theory and cryptography.
A Boolean function is called a negabent [2] function if it has flat spectrum with respect to the nega-Hadamard, N ⊗n , transform, where N =
, and ⊗ is the tensor product. Bentnegabent functions are Boolean functions that are both bent and negabent.
Bent-negabent functions have been extensively studied recently. Parker and Pott [3] gave an important connection between bent and negabent functions, and showed that if n is even, then one can obtain negabent functions from any bent ones. By using this connection, Stǎnicǎ et al. [4] gave a class of n-variable bent-negabent functions with algebraic degree n 4 + 1. Su et al. [5] considered the nega-Hadamard spectra of negabent functions, and constructed a class of bent-negabent functions with optimal algebraic degree by using complete permutation polynomials. Recently, Zhang et al. [6] constructed the first class of bentnegabent functions which are not in the completed Maiorana-McFarland class. On the other hand, it is also important to construct negabent functions over finite fields. Sarkar [7] considered negabent functions over finite fields, and characterized all the quadratic negabent monomials over finite fields. Recently, Zhou et al. [8] gave a class of cubic monomial negabent functions and a class of cubic negabent polynomials over finite fields.
In this article, by using some permutation trinomials over F 2 n , we present some classes of negabent functions of the form Tr
, where 0 < m < n. Then we show that the condition for the cubic monomials given by Zhou et al. [8] to be negabent is also necessary. Finally, we present a conjecture on negabent monomials whose exponents are of Niho type.
A Boolean function f (x) is a mapping from
f (x)+a·x , where a · x is the standard inner product. If for any a ∈ F 
, where wt(x) is the weight of the vector x = (x 0 , x 1 , . . . , x n−1 ), i.e.,
In 2008, Sarkar [7] gave the following definition of negabent functions over finite fields.
. If a, b ∈ F 2 n are not both zero, then the Kloosterman sum satisfies |K n (a, b)| 2 √ 2 n . By Lemma 1, we have the following lemma. Lemma 2. Let k be a positive integer and
is called a permutation polynomial if the associated polynomial mapping f : c → f (c) from F q to itself is a permutation of F q [9] . Lemma 3 ( [9, p.118]). Let q be a prime power and
The following two lemmas can be proved by using Lemma 3. Lemma 4. Let k be a positive integer and
, then f (x) is a permutation polynomial over F 2 n if and only if gcd(n, 3k) = gcd(n, k). Further, let g(x) be the compositional inverse of f (x). Then g(x) is a 2-polynomial over F 2 and Tr Some classes of negabent functions. In the following, by using some permutation polynomials over F 2 n , we present several classes of negabent functions of the form Tr (
Corollary 1. Let f (x) with u = v be given as in Theorem 2 and N λ denote the number of ordered pairs (u, v) such that f (x) is negabent. Then N λ = (2 n−1 − 2)(2 n − 1) for any fixed λ = 1 and N 1 = 6, 96 for k = 1, 2 respectively.
Let n = 2k, λ ∈ F * 2 k and (u, v) ∈ F * 2 n × F * 2 n . In [10] , Mesnager showed that the function f (x) = Tr 
Together with Theorem 2, we have the following corollary. (
As a special case of Theorem 2, if λ = 0, then it gives the necessary and sufficient conditions for Tr n 1 (ux)Tr n 1 (vx) to be negabent on F 2 n for even n. The following theorem shows the negabent property of Tr n 1 (ux)Tr n 1 (vx) for both even and odd n. 1 (vx) is negabent for any nonzero v ∈ F 2 n when n is odd and u = 1, which was given in Theorem 8 in [8] . Note that the negabent property is not preserved by linear transform, i.e., f (x) is negabent on F 2 n does not imply that f (ax) is negabent on F 2 n for all a ∈ F * 2 n . Thus, Theorem 3 is not covered by Theorem 8 in [8] .
Theorem 4. Let n be an even integer and k be a positive integer such that gcd(n, 3k) = gcd(n, k). By Theorem 5 we can obtain the following results if we take r = 3, 4, 5 respectively. Corollary 3. Let k be an even integer and 
k + 3 and k 3 is odd. In fact, by using Lemma 2, we can prove that λ ∈ F 2 is also necessary for Tr This conjecture has been verified by Magma for n 14. We encourage the reader to prove the conjecture or show that there exist more negabent monomials whose exponents are of Niho type.
